Abstract
Introduction 39
Glycolipids, composed of a carbohydrate-based hydrophilic head covalently linked to a fatty production rates (upper to 300 g.L -1 ) 5 and reduced environmental impact biosynthesis. 6 ,7
46
These molecules possess several potential applications 8 in cosmetic 9 and anticancer, 10 but also 47 like a structuring agent for self-assembled nanomaterials, 11 or as antimicrobial agents. PAA are flexible synthetic polymers. 65 The comparison between the three polyelectrolytes,
140
although of different chemical origin, shows the broad validity of the complex coacervation 141 using SL micelles.
142
In the current paper, we explore the complex coacervation of SL micelles with the PEC 143 mentioned above. The influence of pH, as well as PEC concentration was monitored by 144 turbidimetric titration and dynamic light scattering (DLS). The resulting structures were 145 examined by small angle X-ray scattering (SAXS), cryo-transmission electron microscopy
146
(cryo-TEM), scanning electron microscopy (SEM) and optical microscopy. and finally recovered using method 1 as reported previously. 66 The purity is evaluated at 153 about 90% of both terminal and sub-terminal C18:1 congeners and their equilibrium state in
154
water is micellar, as described elsewhere. 67, 68, 69 The critical micellization concentration (cmc)
155 is around 0.1 mg/mL at room temperature. CHL (Mn ≈ 5 kDa, pKa ≈ 6.5) 70 with a 156 deacetylation degree > 90%, PLL hydrobromide (Mw ≈ 1-5 kDa, pKa ≈ 10) 71 and PAA ml). 73 For this experiment, we employ the automatic sample changer for liquids using the 96-
207
well plates and about 100 μL of each sample. 74 The liquid sample is automatically loaded into and PEC concentration for a given SL amount (5 mg/mL and 10 mg/mL, respectively 8 and 294
mM).

295
A typical turbidimetric titration curve of SL-PAA (CPAA= 0.75 mg/mL) is shown in
296
Figure 2. The coacervation process as a function of pH can be described in terms of a set of 297 specific pH values corresponding to the limits of four different regions of phase behavior.
298
Region 1: at low pH-values, generally below pH 5, the solution is clear and the turbidity is 299 constant and close to zero; Region 2: an abrupt increase in turbidity from a starting pH, 300 designed as pHφ, characterizes this region and it reflects the cloudy aspect of the solution.
301
Region 3: this pH interval is characterized by a plateau from a starting pHmax and where the 302 turbidity is constant and maximum and where the solution shows an opalescent behavior. 
309
The turbidimetric titration of SL with CHL, PLL or PAA at various PEC concentrations generally explained as a mismatch between a calculated "macro-scale stoichiometry" and a
406
"micro-scale stoichiometry", which is related to the effective ratio within the coacervates.
407
Moreover, from a thermodynamic point of view, the most common way to describe complex and 4 ppm is used to quantify the extent of coacervation (residual method in Table 1b ). The 547 extent of coacervation is also verified by measuring the intensity loss (between 3 ppm and 4 548 ppm) after recovery of the coacervate through centrifugation and disassembling it below the 549 coacervation pH (centrifugation method in Table 1b ).
550 Table 1a shows that the C=O/NHx molar ratio before and after coacervation stays practically 551 unchanged, thus indicating that the fraction of SL and polyelectrolyte is stoichiometric in 552 terms of charge pairing, as expected. In terms of the extent of coacervation (Table 1b) , both methods used in this work nicely agree on the fact that about 25% of the initial 554 polyelectrolyte-SL concentration is involved in the complex coacervation process. If a 555 discrepancy seems to exist between the two methods for the SL-PAA system, we believe that 556 incomplete recovery of coacervate during and after centrifugation is at its origin. 
599
Cryo-TEM shows that the coacervate structures critically depend on the pH and their 600 evolution could be described as follow: at the early stage of coacervation, i.e, for pH just their interactions to free PEC chains, as observed for SL-CHL at pH 5.94 and SL-PAA at pH 605 6.83. At later stages of coacervation, the droplets exhibit a more electron dense structure (e.g.,
606
SL-PLL at pH 7.38) due to the higher concentration of matter due to dehydration resulting 607 from the release of counterions and water molecules from the molecular complex. The 608 difference between the SL-PLL and SL-CHL structures is possibly related to the pH of the 609 latter compared to the pH limit of coacervation (limitation between Region 3 and Region 4).
610
In fact, SL-CHL and SL-PLL coacervates were respectively imaged at pH 6.33 and pH 7.38 611 while the pH limits are 6.92 and 8.53, respectively. Therefore SL-CHL coacervates were 612 imaged at a later coacervation stage. Other parameters like the intrinsic molecular properties 613 of CHL and PLL could also affect the fine coacervates structure, the description of which is 614 out of the scope of this manuscript.
615
One should note that for SL-CHL system, the coexistence of both spherical coacervates and ionization, also called the apparent degree of counterions dissociation, 2 will vary strongly with 57 pH. In addition, the counterions distribution (condensation and release during electrostatic 58 interaction) will also be affected by the binding process of SL micelles to each PEC. 
